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(57) ABSTRACT

A system (100) has a storage medium (110) that contains a
number of storage units (108). A multimedia title is stored in
the storage medium (110) as a number of blocks, whereby
some of the blocks are stored multiple times such that
different storage units (108) contain a copy of that block.
Retrieving blocks from the storage medium (110) for supply
to a user 1s executed 1n cycles and the system has for some
of the blocks the freedom to choose from which of the
storage units (108) the block is retrieved in order to balance
the load on the storage units (108). Furthermore, the system
(100) is arranged to look ahead a number of cycles to
determine what blocks 1n the near future are necessary and
to retrieve these future blocks earlier if the storage units are
not yet fully occupied. The additional freedom to schedule
retrieval of a block at earlier moments in time provides a
further mechanism to balance the load on the storage units.

10 Claims, 1 Drawing Sheet
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METHOD AND SYSTEM FOR RETRIEVING
BLOCKS OF DATA FROM A STORAGE
MEDIUM

The 1invention relates to a system for in cycles retrieving,
blocks of data from a storage medium and supplying the
blocks 1in the form of data streams to users, wherein a
number of the blocks are stored multiple times 1n respective
storage units of the storage medium.

The 1nvention further relates to a method of 1n cycles
retrieving blocks of data from a storage medium and sup-
plying the blocks in the form of data streams to users,
wherein a number of the blocks are stored multiple times in
respective storage units of the storage medium.

The International Patent Application published under
number WO 98/5465°7 describes a system that may be used
in multimedia server, or more speciiically, 1n a video-on-
demand or near-video-on-demand server. A requirement 1n
this system 1s to supply a continuous, uninterrupted stream
of data to each active user. Data 1s read from a conventional
storage medium, such as hard disks, which are arranged 1n
a disk array, such as a RAID system. In general, a distinction
can be made between a fixed consumption rate and a
variable consumption rate system. In a fixed consumption
rate system data 1s supplied to a user as a fixed rate data
stream. Usually, the rate 1s identical for each stream 1n the
system. An example of such a system 1s a near video-on-
demand system, wherein a number of films can be played 1n
parallel and the same film may be played several times in
parallel, where regularly, for instance ever 15 minutes, a new
copy of the same {ilm 1s started. In a variable consumption
rate system the rate at which a user consumes data varies
over time. A maximum consumption rate can be defined for
cach data stream. In practice, an identical maximum con-
sumption rate 1s used for all streams, although it may be
possible to support streams with different maximum con-
sumption rates. Variable consumption rate systems are, for
instance, used for systems which support VCR-like func-
tions such as pause or slow motion or systems which use a
data compression technique with variable bit rate like
MPEG-2.

To supply data to a user as a continuous stream, special
scheduling schemes for reading data from the disks are
required with an appropriate scheme for temporarily buil-
ering the read data before the data 1s supplied to the user. The
system operates 1n cycles, whereby 1 a cycle a stream
consumes data from a buffer while new data 1s read from
disk and supplied to the buffer for future consumption. For
a fixed consumption rate system, at fixed regular intervals
for each stream a fixed amount of data (sufficient to last one
cycle) i1s read and stored in the buffer. Within a variable
consumption rate system, different streams may empty a
predetermined block of the buffer at different moments.
During a cycle only data 1s read for streams whose buifers
have room for a block of data. Other streams are skipped. As
a consequence, the duration of a cycle 1n a variable con-
sumption system 1s variable, bounded by the situation 1n
which all active streams require a new block of data.

The storage medium in the known system comprises a
number of independent storage units. The performance of a
storage unit 1s limited and the system 1s designed 1n such a
way that during a cycle of maximum duration, each storage
can at least read a certain maximum number of data blocks.
During normal operation, none of the storage units should be
overloaded with requests, 1.e. should not be requested to read
more data blocks 1n one cycle than this maximum number of
blocks. To improve the overall bandwidth of the storage
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medium, 1n the known system a portion of the data blocks
1s stored multiple times 1n the storage medium, whereby
different copies of a block are stored in different, randomly
chosen storage units. The scheduler of the system then has
the freedom to choose the retrieval of such a duplicated
block from one of the storage units on which the copies
reside. This freedom 1s used to balance the load of the

storage units so that the storage medium as a whole can read
more data blocks per cycle. The probability that none of the
storage units 1s overloaded can be chosen arbitrarily high by
choosing a larger portion of the data blocks that are stored
multiple times.

It 1s an object of the invention to provide a system as
described 1n the preamble with a comparatively more effi-
cient use of the storage medium. This object 1s achieved
according to the invention 1n a system that comprises:

a determining means for determining a group of blocks of
which 1t 1s expected that they can be read within one of
a number of cycles spanning a planning horizon,

a scheduler for, for each block of the group, selecting from
the set of storage units 1n which the block 1s stored one
storage unit from which the block 1s to be read, the
scheduler being operative to balance the load on the
storage units,

a reader for 1n response to a block read request reading the
corresponding block from the selected storage unit for
supply 1n the corresponding stream.

In addition to the freedom to choose for some of the blocks
from which storage unit the block will be read, the system
according to the invention has the freedom to choose for
some of the blocks during which cycle the block will be
read. This additional freedom can be used to store a smaller
portion of the blocks multiple times 1n the storage medium,
while maintaining a comparable high probability that none
of the storage units will be overloaded. By duplicating a
smaller portion of the data blocks, obviously less storage
space 1s required to store the file containing the film to be
supplied to the user. Duplicating a smaller portion of the data
blocks results 1n an increase of the probability of overload of
a storage unit when assessed for a single cycle. However, the
system according to the mnvention looks ahead a number of
cycles and can prevent an overload situation by scheduling
a critical block read request to another cycle. The probability
that an actual overload for a storage unit would occur 1s very
small, since that will only happen if for each of the cycles
in which a certain block read request can be scheduled such
a crifical condition appeared that no additional read request
can be allowed. For every cycle alone this 1s, even with a
smaller portion of duplicated blocks, a small probability.
Therefore, the probability that this would happen for all
relevant cycles 1s very small.

Duplicating a smaller portion of the data blocks has a
further advantage 1n that less data needs to be written to the
storage medium. So less bandwidth of the storage medium
1s required for adding new ftitles. In a system where new
titles are added on-line, 1.e. while the system remains
operational for supplying data to users, it 1s important that a
smaller fraction of the available bandwidth needs to be
reserved for writing data since a larger fraction can then be
allocated to the retrieval of data for users thus making it
possible to service more users.

In an embodiment of the system according to the
imvention, blocks are identified that must be read in the
present cycles and easily allows the separate scheduling of
reading those blocks 1n the present cycle.

In an embodiment of the system according to the
invention, the classification of the group into the subgroups
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allows for different handling of the block read request
according to their specific needs and characteristics.

In an embodiment of the system according to the
invention, by balancing the load for the second subgroup,
the storage units have more capacity available to schedule
for the present cycle more read requests for blocks that are
not yet necessary but will probably become necessary 1n the
near future. By already scheduling and reading those future
blocks 1n the present cycle, the probability for no overload
in the future.

In an embodiment of the system according to the
invention, by taking the expected block read request for all
cycles 1n the planning horizon in to account, a better
scheduling can be made for those cycles. This increases the
total number of blocks that can be read by the storage units
and therefore increases the probability that no overload
condition occurs. Alternatively, a smaller portion of the
blocks need to be duplicated to realize the same probability.

In an embodiment of the system according to the
invention, the algorithm of the scheduler of this embodiment
requires little computational effort for dertving the schedule
of block read requests.

It 1s a further object of the mvention to provide a method
as described 1n the preamble 1n which a comparatively more
ciiicient use 1s made of the storage medium. This object 1s
achieved according to the mvention in that a cycle of the
method comprises:

determining a group of blocks of which 1t 1s expected that
they can be read within one of a number of cycles
spanning a planning horizon,

scheduling a read request for each block of the group,
including selection from the set of storage units 1n
which the block 1s stored one storage unit from which
the block 1s to be read, the read requests being sched-
uled such that the load on the storage units 1s balanced,

in response to the block read requests reading the corre-
sponding blocks from the selected storage unit for
supply 1n the corresponding stream.

The mvention and its attendant advantages will be further
clucidated with the aid of exemplary embodiments and the
accompanying schematic drawings, wherein:

FIG. 1 schematically shows a block diagram of a system
according to the invention.

FIG. 1 schematically shows a block diagram of a system
100 according to the invention. An example of such a system
100 1s a multimedia server. Multimedia applications can be
characterized by an extensive use of audio-visual material.
For the playback of audio or video a (near-)continuous
supply of audio/video data 1s required. Known examples of
a multimedia server include a near-video-on-demand server
and a video-on-demand server. In a near-video-on-demand
system the service provider determines when a ftitle 1s
reproduced. A data stream containing the data of the title
may be received by many users simultaneously. In a video-
on-demand system, typically the user selects a title and
controls, with VCR-like controls, the reproduction of the
fitle. The level of interaction 1s higher and a data stream 1s
typically only consumed by one user. A multimedia server 1s
usually implemented using a file server which 1s specifically
designed to supply continuous data streams for a large
number of users 1n parallel. Usually, one or more multimedia
fitles are stored on a background storage medium 110. At
this moment, normally disks, such as hard disks, are used as
the background storage medium 110, based on their large
storage capacity at low cost and the possibility of random
access. It will be appreciated that also other storage media,
such as optical disks, tape, or even solid state memory may
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be used. The storage medium 110 1s divided mto a plurality
of storage units (shown are 102,104, 106 and 108). As such,
the storage medium 110 may be formed by a cluster of
storage units, such as a RAID system. The storage unit, such
as a hard disk, may itself be further subdivided (resulting in
a hierarchical cluster). For a typical video-on-demand
system, which uses disk-based storage media, the number of
storage units forming the storage medium 110 1s usually
determined by the required bandwidth. The data streams are
bounded by a maximum consumption rate of ¢™* data
clements per second, where a data element may for instance
be a byte. Different streams may have different maximum
consumption rate depending on the contents of the repro-
duced material, e.g. an audio stream has a far lower maxi-
mum consumption rate than a video stream. For variable
bit-rate encoded MPEG-2 material the maximum consump-
fion rate will typically be chosen to be between approxi-
mately 2 or 15 Mbit/sec, depending on the desired quality.
In many systems, the data blocks are striped over all or a
oroup of disks. A request for a data block results then 1n a
disk access to all (or the group of) disks in the array. For the
purpose of this description it 1s assumed that the storage
medium 110 1s formed by one storage unit with a suitably
high bandwidth and/or storage capacity (whereas actually
more than one storage unit may be used). It will be appre-
cilated that 1n practice the maximum consumption rate for
some data streams may be lower, for instance if the corre-
sponding title is of a lower quality or a different type (e.g.
audio, whereas most streams relate to a combination of
audio and video) than a worse case situation for which the
system usually 1s designed.

The system 100 comprises a reader 180 for reading data
from the storage medium 110. The reader 180 may, for
instance, be i1mplemented using a SCSI interface.
Advantageously, the storage medium 110 1s also included 1n
the system 100. For a disk oriented storage medium 110,
data 1s retrieved 1n units of a block, where a block 1s formed
by a sequence of consecutive sectors. Typically, blocks
which are successively read from a same disk are not stored
contiguously on the disk. Usually, blocks which are succes-
sively read from the same disk belong to different files
(where a file is the collection of blocks belonging to one
title) since the disk has to supply blocks for a plurality of
data streams 1n some interleaved manner. Even if blocks
which are to be read successively belong to the same file,
successive blocks of a file need not be stored contiguously
in one storage unit but can be distributed over the storage
unit or even over several storage units of the storage medium
110. As a consequence of reading non-contiguous blocks,
the disk head needs to be moved in between reading of a
block and the appropriate starting point of the next block has
to be awaited. Such a switch can take a considerable time,
during which no data can be read. To reduce the switching
overhead, the so-called disk sweeping technique 1s fre-
quently used. In such a scheme, the reader 180 1s able to read
a number, of for mstance eight blocks, from the storage unit
10 1n one batch. The blocks of the batch are ordered based
on their physical track position. For the read operation, the
disk head 1s moved in only one direction (¢.g. from the inner
edge to the outer edge or vice versa), only stopping to read
the blocks of the batch. In this way, the switching overhead
1s reduced significantly. Advantageously, a reader 180 1is
used which accepts a batch of read requests and internally
performs the necessary scheduling of the requested read
operations 1n order to perform the most optimal sweep for
the speciific disk. The reader 180 may also include a caching
memory for temporarily storing data read from the disk
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betfore supplying the data, potentially 1n a different sequence
than read from disk, via a bus 140 to the remainder of the
system 100. It will be appreciated that the role of the reader
180, such as controlling the reading, arranging a sweeping
sequence and caching read data, may also be distributed,
where each of the storage units has i1ts own controller
performing these functions. If so, a main task of the reader
180 1s to co-ordinate the operations of the various control
units.

Particularly for video, a data stream may be very volu-
minous. To reduce the volume, typically, compression tech-
niques are used. The compression scheme may result 1in a
fixed rate data stream, for instance using a fixed rate form of
MPEG-1 encoding, or a variable rate data stream, for
instance using a variable rate form of MPEG-2 encoding.
The system according to the 1nvention may be used for fixed
rate systems as well as variable rate systems. For variable
data rate streams a fixed maximum consumption rate of ¢™*

data elements per second may be given, which rate may be
different for different streams and which 1s used for config-
uring the system (e.g. bandwidth of the system and/or size
of storage) in order to ensure that the system still operates in
a worst case situation (e.g. when all data streams consume
data at the maximum data rate). Normally, the data is stored
in the storage medium 110 and processed by the system 100
in a compressed form. Only at the user 130 the data stream
1s decompressed, using a decoder. Particularly for a variable
rate system, the system 100 may also be able to support
V(CR-like control functions. A data stream may be 1n one of
a plurality of states like an active and a new/halted state,
where an active data stream may supply data to a user (i.c.
the user may consume data) and a new or halted data stream
may (currently) not supply data to a user (i.e. no sufficient
data 1s present for consumption by a user without running
the risk that underflow of the corresponding buffer occurs).
Typically, if a user temporarily stops consuming data, the
stream stays active. If the user switches stream (e.g. explic-
itly selects a new title or implicitly 1s provided with a new
stream by, for instance, instructing the system to play in fast
forward mode which results in selecting a new stream with
the same title being displayed fast), the stream is temporarily
halted allowing for new data to be loaded. It will be
appreciated that a slow motion function may be 1mple-
mented by consuming data at a low rate (the stream remains
active) or switching to a new stream (the stream is tempo-
rarily halted). The system 100 maintains for the data stream
a stream status which indicates the current state. The stream
status for one or more data streams may be stored 1n a status
memory 190, such as the main memory (RAM) of the server
or special registers.

Data 1s read from the storage medium 110 for a batch of
data streams where the data of the batch 1s supplied as a time
multiplexed stream via the bus 140. The storage medium 110
1s not capable of simultaneously supplying continuous data
streams to all users of the system. Instead, data for a subset
of data streams 1s read and supplied to the remainder of the
system 100 at a higher data rate then consumed by the
corresponding data streams. The system 100, therefore,
comprises buffers 125 for achieving supply of data at the
required rate to the users 130. Usually, the buifers 125 are
implemented using RAM 1n a part 120 of the system’s
memory. The system 100 further comprises communication
means 150 for transferring data of the data streams to users.
The communication means 150 may be formed by any
suitable means, such as a local area network, for supplying
the data to users located near the system 100. In practice, a
telecommunication or cable network 1s used for supplying
the data over a longer distance.
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The system 100 also comprises a control unit 160 for
controlling the system 100. The control unit comprises a
determining unit 165 and a scheduler 170. The determining
unit 165 determines which blocks should be read from the
storage medium 110 1n order to avoid that an underflow or
overflow of the buffers 125 occurs. The scheduler 170
determines a schedule for the blocks to be read and controls
the reader 180 for reading the blocks 1n time. The control
unit 1s typically formed by a processor, such as a RISC-, or
CISC-type microprocessor, which 1s operated under control
of a real-time operating system, loaded from a storage
medium, such as ROM or a hard disk. The determining unit
165 and the scheduler 170 may be implemented as respec-
five software modules integrated into the operating system
or loaded as respective application programs. Typically, the
determining unit 165 receives status information, such as a
filling degree of the buifers, upon which the scheduler 170
bases 1ts decision. For systems which offer VCR-like
controls, the scheduler also receives information regarding

the status of a stream. In such systems, typically, control
information 1s received from the users 130 via the commu-
nication means 150.

A portion of the blocks i1s stored multiple times 1n the
storage medium 110 by being stored 1n at least two different
and randomly selected storage units. These blocks are dupli-
cated 1n full. As a result such a block 1s available 1n full from
cach of the storage units on which the block 1s stored. The
blocks for new titles may be stored when the storage units
are off-line, 1.e. when the system 1s not operational supplying,
data to users. However, usually, the new fitles will be stored
in the storage units when the system 1s operational. Part of
the bandwidth may then be reserved for changing titles
stored 1n the storage units or such an operation may be
performed at moments when the system 1s not fully loaded.
The system comprises means (not shown in the figure) for
storing a portion of blocks multiple times 1n the storage, by
ensuring that such a block is stored in at least two storage
units. Preferably, such a block 1s stored m exactly two
storage units, where the storage units are selected randomly
from the set of storage units of the storage medium 110. The
selection of the storage units 1s performed separately for
each block that is stored multiple times. A (pseudo-)random
sequence generator may be used to generate a random
number within the range of available storage units. For each
successive block of the portion of blocks a next random
number 1ndicates the storage unit in which the means stores
the block. As described in WO 98/54657, selecting the
storage units randomly allows a good balancing of the load
of the storage units when retrieving the blocks. Besides
selecting the storage unit(s) in a (pseudo-)random manner,
the person skilled 1n the art will be able to choose a suitable
algorithm which for a given system achieves the desired
random effect. Obviously, a block which is stored multiple
fimes 1s stored each time 1n a different storage unit, since
otherwise the multiplication would not result in an 1mprove-
ment of the load balance. This 1s simply achieved by using
a next random number, if a generated number corresponds to
a storage unit which already stores the mnvolved block. It will
be appreciated that instead of storing a selected block 1n two
storage units the block may also be stored 1n more storage
units.

In the system according to the invention, each block of a
fitle 1s stored on one of the storage units, which are disks,
chosen at random. In addition, a block 1s copied to another
disk with a probability r. Hence, 1n this system a fraction r
of the data 1s duplicated. The parameter r 1s a design
parameter chosen such that O<r<1. The scheduling is based
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on operation of the system 1n cycles and the block sizes are
chosen such that each stream consumes at most one block
per cycle. Each stream has an associated buifer that can
contain up to s blocks of data, sin {3, 4,5, . .. }. This gives
the scheduler the freedom to schedule a read request for a
particular block 1 one of s-2 cycles. A typical choice 1n the
system according to the invention is that s equals 5. A disk
of the storage medium has the capacity to supply at least k
blocks per cycle. The scheduler determines for each desired
block, from which disk 1t 1s to be read and during which one
of the s-2 cycles it 1s to be read. The scheduler does this in
such a way that one disk 1s to supply at most k blocks per
cycle. Theoretically this 1s not always possible, but the
parameters r, s and k can be chosen such that the probability
of failure 1s made arbitrarily small. This 1s shown m the
following example system. This system has 100 user streams
and 10 disks, each of which can retrieve 11 blocks per cycle.
The Table I below shows the smallest duplication fraction r
that did not result 1n disk load larger than 11 blocks per cycle
for different values of s 1n a stmulation of 1 million succes-
sive cycles. In this simulation, each user stream required a
block to be read 1n each of the cycles.

TABLE 1

Duplication fraction for different buffers sizes

Buffer size s Duplication fraction r

4 0.70
5 0.25
0 0.15
7 0.10
3 0.05

The system according to the invention determines for a
certain number of cycles 1n the future, which are together
called the planning horizon, which blocks are expected to be
requested by the user streams. This expectation 1s based on
the assumption that the current streams keep consuming data
during the planning horizon. Since this 1s only reliably
known for the next few cycles, the size p of the planning
horizon 1s kept small, typically in the same order as the size
s of the buffer, so for example p equals 5. At the beginning
of each cycle, the determining unit 165 determines which
blocks are to be read based on the information for the
planning horizon only. The scheduler 170 then determines
the schedule how this can be realized. There are several
ways that such a schedule can be produced and below two
alternatives are described.

In the first alternative, the scheduler classifies at the
beginning of a cycle the requests for blocks mnto the follow-
ing classes:

1. Blocks that must be read 1n this cycle and that are not
duplicated.

2. Blocks that must be read in this cycle and that are
duplicated.

3. Blocks that may be read 1n this cycle but may also be
delayed for at least one cycle and that are not duplicated.

4. Blocks that may be read 1n this cycle but may also be
delayed for at least one cycle and that are duplicated.
The strategy of the scheduler 1s to fill the current cycle

with as many blocks as possible. The scheduler considers the

requests for blocks per class in the order given above.

1. There 1s no freedom 1in this class. All blocks must be
fetched 1n the current cycle and from a given disk since
there 1s stored only one copy of each of the blocks.

2. All blocks of this class must be fetched 1n this cycle but
there 1s a freedom regarding the disk from which a block
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1s to be fetched. The scheduler uses this freedom to

balance the load on the disks.

3. The blocks of this class may be used to fill up the load of
any disk up to the maximum of k blocks.

4. The blocks of this class may be used to fill up the load of
any disk up to the maximum of k blocks. However, since
these blocks are duplicated they will cause less load
balancing problems for future cycles and therefore pret-
erence 1s given to blocks from class 3 over blocks of this
class 4.

In an embodiment of this alternative, the scheduler sched-
ules all blocks of class 1, then optimizes class 2 with the
Linear Assignment algorithm described in WO 98/54657,
then adds as many blocks of class 3 as possible and finally
adds as many blocks of class 4 as possible by using the
Linear Assignment algorithm again.

In the second alternative, the scheduler constructs a
schedule for the complete planning horizon at the start of
cach cycle. The scheduler uses the following classification
of requests for blocks:

A. Requests for blocks for which all (remaining) scheduling
possibilities are within the planning horizon.

B. Requests for blocks that may be scheduled during the
planning horizon but that also have possibilities thereafter
and which blocks are not duplicated so that there 1s no
choice of disk.

C. Requests for blocks as in class B but which block are
duplicated so that there 1s choice of disk.

The scheduler 1s to schedule at least the requests 1n class A.

In addition, 1t tries to schedule as many requests of classes

B and C as possible. Of these requests, the scheduler prefers

requests of class B, since they have a higher probability than

requests of class C and should therefore be dealt with as
soon as possible. Now 1n this second alternative, the sched-
uling problem 1s formulated as a maximum flow problem

which can be solved fast. The cited reference WO 98/54657

also describes such a scheduling algorithm. The requests of

the above defined classes are dealt with 1n the following
steps.

Step 1
The problem to determine whether all class A requests can

be scheduled 1s defined as a maximum flow problem. This

maximum flow problem 1s defined on a graph that has a node
for each such request and a node for each (disk, cycle) pair
that falls 1n the planning horizon, and additionally one
source and one destination node. An arc 1s 1ntroduced from
the source node to each request node, and from each (disk,
cycle) node to the destination node. In addition, an arc is
introduced from each request node to the (disk, cycle) node
on which this requests can be executed. The capacity of each
arc that runs from a request node to a (disk, cycle) node
equals one. The arcs that run from the source node also have
capacity one. In addition, the arcs from a (disk, cycle) node

to the destination node have capacity k. Now, the class A

requests can be scheduled if and only if a flow from source

to destination can be realized that saturates all arcs leaving
the source node. The resulting flow gives a feasible schedule
for class A requests.

Step 2
If the resulting flow 1s smaller than pmk, 1.e. the product

of p, m and k, where p denotes the length of the planning

horizon, expressed 1 number of cycles, m denotes the
number of disks, and k the number of blocks fetched from
disk per cycle, then additional class B requests can possibly
be added. To maximize the number of class B requests that
can be added, we construct an additional maximum flow
problem, defined on the following graph. Again, for each
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(disk, cycle) pair there 1s a node, and for each class B request
there 1s a node, and, as above, there are a source and a
destination node. Now, arcs are introduced between each
pair of (disk, cycle) nodes. The arc from node (disk, cycle)
to (disk’, cycle’) has a capacity that gives the number of
class A requests that have been assigned to (disk, cycle) but
can also be assigned to (disk’, cycle’). The arc from (disk,
cycle) to the destination node has a capacity equal to k minus
the total number of class A requests that are assigned to
(disk, cycle). The arcs from source node to the request nodes
and from request nodes to (disk, cycle) nodes all have
capacity one. By maximizing the flow from source to
destination, a maximum number of class B requests are
added 1n such a way that class A requests can be moved
around but not removed from the schedule.

Step 3

Again, if the resulting flow 1s smaller than pmk, 1.¢. the
product of p, m and k, then additional class C requests can
possibly be added. To maximize the number of class C
requests that can be added, again a maximum flow problem
1s constructed 1n an analogous way as for the class B
requests. The class A and class B requests that are already
scheduled are again incorporated into the arcs that run
between the (disk, cycles) nodes. From the result of this
maximum flow computation a schedule can be constructed.
Again, no class A or class B request can be removed.

The size s of the buffers 1n the above embodiments has
been given a minimal value of 3. This typically applies to a
variable bit rate system, where the size of a buffer usually 1s
designed large enough to be able to contain to 3 blocks. This
size makes that with a suitable scheduling strategy, the
buffers will underflow nor overtlow when the system 1s in
operation. According to the invention, the buffer size is
chosen larger then this minimal size 3 and the additional
space 1s then used to store the pre-fetched blocks from future
cycles as described above. It 1s to be understood that the
actual mimimal size of the buffer 1s not relevant for the
present invention and the requirement 1s that the bufler can
accommodate one or more above 1ts minimal number.
Therefore, the mvention can equally well be applied 1n
systems with buffers that have an original (minimal) size of
2 blocks. Such buffers can be found in fixed bit rate systems
with cycles for consumption and block reading of fixed
duration.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention and that those skilled
in the art will be able to design many alternative embodi-
ments without departing from the scope of the appended
claims. In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word ‘comprising” does not exclude the presence of ele-
ments or steps other than those listed i a claim. The word
“a” or “an” preceding an element does not exclude the
presence of a plurality of such elements. The invention can
be 1implemented by means of hardware comprising several
distinct elements and by means of a suitably programmed
computer. In the unit claims enumerating several means,
several of these means can be embodied by one and the same
item of hardware.

What 1s claimed 1s:

1. A system for retrieving blocks of data 1n cycles from a
storage medium and supplying the blocks 1n the form of data
streams to users, wherein a number of the blocks are stored
multiple times 1n respective storage units of the storage
medium, the system comprising;:

a determining means for determining a group of blocks

expected to be read within one of a number of cycles

spanning a planning horizon,
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a scheduler for, each block of the group, selecting from
the set of storage units 1n which the block 1s stored one
storage unit from which the block is to be read, the
scheduler bemng operative to balance the load on the
storage units,

a reader 1 response to a block read request reading the
corresponding block from the selected storage unit for
supply 1n the corresponding stream.

2. A system as claimed 1n claim 1, wherein the determin-
ing means 1s arranged to classify the group into a first
subgroup comprising the blocks which must be read 1n the
present cycle and a second subgroup comprising the blocks
which may be read 1n the present cycle but may also be
delayed.

3. A system as claimed m claim 1, wherein the determin-
ing means 1s arranged to classily the group into:

a first subgroup containing blocks that must be read in the
present cycle and that are not stored multiple times 1n
the storage medium,

a second subgroup containing blocks that must be read 1n
the present cycle and that are stored multiple times 1n
the storage medium,

a third subgroup containing blocks that may be read in the
present cycle but may also be delayed for at least one
cycle and that are not stored multiple times 1n the
storage medium, and

a fourth subgroup contamning blocks that may be read in
the present cycle but may also be delayed for at least
one cycle and that are stored multiple times in the
storage medium.

4. A system as claimed 1 claim 3, wherein the scheduler
1s arranged to balance the load on the storage units for
scheduling the read requests for blocks of the second sub-
oroup and wherein the scheduler 1s arranged to add read
requests from the third and fourth subgroup to a predeter-
mined maximum for each of the storage units.

5. A system as claimed 1n claim 3, wherein the scheduler
1s arranged to balance the load on the storage units for
scheduling the read requests for blocks of the fourth sub-
group.

6. A system as claimed 1n claim 1, wherein the determin-
ing means 1s arranged to determine in the group a first
subgroup comprising blocks expected to be read 1n a cycle
in the planning horizon and wherein scheduler 1s arranged to
schedule the read requests for the blocks of the first sub-
group with balancing of the load on the storage units.

7. A system as claimed 1n claim 6, wherein the scheduler
1s arranged to schedule the read requests by using a maxi-
mum flow algorithm.

8. A system as claimed 1n claim 7, wherein the determin-
ing means 1s arranged to determine in the group a second
subgroup comprising blocks expected to be read 1n a cycle
in the planning horizon but that they may also be read 1n a
cycle beyond the planning horizon and which are not stored
multiple times 1 the storage medium, and wherein the
scheduler 1s arranged to determine whether each of the
available storage units 1s scheduled to read i1ts maximum
number of blocks in each of the cycles 1n the planning
horizon and, 1f this 1s not the case, to additionally schedule
read requests for the blocks of the second subgroup.

9. Asystem as claimed 1n claim 8, wherein the determin-
ing means 1s arranged to determine in the group a third
subgroup comprising blocks expected to be read 1n a cycle
in the planning horizon but that they may also be read 1n a
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cycle beyond the planning horizon and which are stored determining a group of blocks expected to be read within
multiple times 1n the storage medium, and wherein the one of a number of cycles spanning a planning horizon,
scheduler 1s arranged to determine whether each of the scheduling a read request for each block of the group,
available storage units is scheduled to read its maximum including selection from the set of storage units in
number of blocks 1n each of the cycles 1n the planning 5 which the block i1s stored one storage unit from which
horizon and, if this is not the case, to additionally schedule the block 1s to be read, the read requests being sched-
read requests for the blocks of the third subgroup. uled such that the load on the storage units 1s balanced,

10. A method of retrieving blocks of data 1n cycles from in response to the block read requests reading the corre-
a storage medium and supplying the blocks in the form of sponding blocks from the selected storage unit for
data streams to users, wherein a number of the blocks are 10 supply 1n the corresponding stream.

stored multiple times 1n respective storage units of the
storage medium, a cycle comprising: I N
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